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Chapter 11  Accelerators

One of the most important tools of nuclear sciendbasparticle acceleratoPrior
to its invention in1932, the only known sources oparticles that could induce nuclear
reactions were the natural alpha particle emitters, for example radium. In famb)ythepe
of nuclear reaction known during that period was that of an glahgle interactingvith a
nucleus and producingmoton. Today theuse of natral alpha emitters to induce nuclear
reactions is largely of historical interest because accelerators produce higher intensities and
higher energies of not only alpiparticles, but of most einents betweehydrogen and
uranium.

Cockroft-Walton

Common toall accelerators is these of electric fields for the acceleration of
charged particledjowever,the manner irwhich the fields are applied variegdely. The
most straightforward type oécceleratorresults from the application of a potential
difference betweenwo terminals. Toobtain more than abo®00 kV of accelerating
voltage, it is necessary to use one a@ranstages of voltage-doubliraycuits. The first
such device was built by J. D. Cockcroft and E. T. S. Walton in 1932 and was used for the
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Fig. 11-1. A Cockroft-Walton accelerator. The symbol g in the formula refers to the charge of the particle.
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Chapter 11—Accelerators

first transmutation experiments witttificially accelerated particle@rotons). Cockcroft-
Walton accelerators are still widelysed today,sometimes as injectors to much larger
accelerators.

Van de Graaff

Beginning in 1929, R. J. Van de Graaff pioneered the Van de Graaff accelerator, in
which a high potential difference is built up and maintained on a smooth conducting surface
by the continuous transfer of positiv&atic charges from a movingelt to thesurface.

When used as garticle accelerator, aion source islocated nside the high-voltage
terminal. lonsare accelerateftom the source tahe target by the electric voltagetween
the high-voltage supply and ground.
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Fig. 11-2. A Van de Graaff accelerator.

The maximum energy obtainable from an electrostatic accelerator such as the Van de
Graaff can be greatly increased by the application of the “tangemtiple. In atandem
Van de QGaaff accelerator, firsbuilt in the 1950s, negativeions are first accelerated
towards a positive high-voltage terminal in the center of a pressure tank.thesigdeminal
the negativaons, which now have an energy in MeV equal to tterminal potential
difference in megavolts (&) times the charge of the ion, pass through either a foil or gas
“stripper” and are stripped of electrons, producing a positive-ion beamb@uis is then
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accelerated second time away fronthe high-voltage terminalMany tandem Van de
Graaffaccelerators are in operatitmoughoutthe world, including the 25-MV Holifield
facility at Oak Ridge National Laboratory in Tennessee.

The limitation ofthese types ofcceleratorsarises fromthe maximum practical
potential difference that can be held by the chasggthcesAn additional problem in the
tandem accelerator is the need to start with negatng which can behard or impossible
to obtainfor some element$ositive ion sourcesre availablefor a wider variety of
elementakpeciesPositive ion sourcesanalso produce ions afharge higher thaone,
which is all that is obtainable in negative ion sources.

Linear

The radio-frequencyRF) linear acceleratoavoids these problems lblye repeated
acceleration of ions through relatively small potential differences. In a linear accelerator, an
ion is njected into an accelerating tube containing a numbeel@ftrodes. A high-
frequency alternating voltage from an oscillator is applied between groups of electrodes. An
ion travelingdown the tube will be accelerated in tigap between the electrodes if the
voltage is in theoroper phaseThe distance between electrodes increases along the length
of the tube so that the particle stays in phase with the voltage.

An Accelerating Portion of a
Linear Accelerator
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Fig. 11-3. Side view of a linear accelerator. (This figure does not show the increasing spacing between
cavities as discussed in the text.)

Thefirst linear acceleratowas built in 1928 by R. Wideroeaccelerating positive
ions toabout 50keV. Intensivework on linear acceleratorsvas carried out in many
laboratories in the early 1930s. The linear accelerator did not receivefuntingr attention
until after World Warll, when the availability ofhigh-power microwave oscillatorsade
possible acceleration to high energies in relatively small linear acceleratorsthairioee,
a sizable number of lineaccelerators, alscalledlinacs,have come int@mperation, both
for electron angroton acceleration, as well as several heavyhiimacs. SLAC, a3-km
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electron linac at Stanford University, tise longestlinac presently operating. Hccelerates
electrons and positrons to energies of 50 GeV.

Cyclotron

The best known and one thife most successful devicésr acceleration ofons to
millions of electron volts is the cyclotron, which was invented by E. O. Lawrent828.
The first working model produced 80-keV protons in 1930. A cyclotron, as well as a linac,
usesmultiple acceleration by a radioequencyelectricalfield. However,the ions in a
cyclotron are constrained by a magnetic field to move in a gathl The ions are injected
at the center of the magnet betwe®ro semicircular electrodes called éBs”. As the
particle spirals outward it getaccelerated each timedtosseghe gap between thBees.
The time ittakes a particle to complete an orbitcisnstant,since the distance it travels
increases at the samnate asits velocity, allowing it to stay in phase withe RF. As
relativistic energies arapproached, thigondition breaks downlimiting cyclotrons in
energy. However, cyclotrons are still in udkover the world for nuclear sciencstudies,
radioisotope production, and medical therapy.
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Fig. 11-4. A schematic of a cyclotron.

Synchrotron

The synchrotron wasleveloped to overcome the energy limitations of cyclotrons
imposed by special relativity. In a synchrotron, the radius of the orbit is kept constant by a
magnetic field thaincreases with time athe momentum of the particlescreases. The
acceleration igrovided, as in a cyclotron, by a Riscillator thatsupplies an energy
increment every time the particlesoss anacceleratinggap. The RelativisticHeavy lon
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Collider (RHIC), presently under construction at Brookhaven National Laboratory in New
York, will collide two beams ofions ranging from protons to gold exiergies up to 100
GeV per nucleonNuclear scientists expedhat such collisionswill create nuclear
temperatures and densities high enougtreéeh thequark-gluon plasma phase midiclear
matter.

Continuous Electron Beam
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Fig. 11-5. The electron accelerator at Thomas Jefferson Laboratory.

The mostrecent nucleaphysicsaccelerator to become operational is the Thomas
JeffersonNational Accelerator Facility ilfNewport News, Virgia. A diagram of the
accelerator ishown in Fig. 11-5. Athis accelerator, aelectron beam travelkhrough
severallinacs. The acceleratouses superconductingdio-frequency technology to drive
electrons to higher and higher energies witmmimum of electricalpower. This
acceleratoproduces a continuousectron beam t@ensurethat each electron interaction
with a nucleus is separated enough in time so that the whole reaction can be measured.
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